Summary: Tissue anoxia has for long been invoked as a cause of venous leg ulcers, and recently it has been suggested that pericapillary fibrin prevents the diffusion of oxygen in the skin. In the present study direct measurements of skin oxygen levels on the lower leg were made using a transcutaneous oxygen monitor. In the recumbent position mean oxygen tensions were higher in patients than in controls, thus disproving the existence of any block to oxygen diffusion. In both groups there was a fall in oxygen tension to low levels on standing as a result of the normal reflex vasoconstrictor response to increased venous pressure. Exefcise produced a marked rise in skin oxygen tension in normal legs but not in those affected by venous insufficiency. In normal subjects exercise reduces venous pressure, thus removing the stimulus for reflex vasoconstriction. In patients with defective valves, the venous pressure remains high during exercise and reflex vasoconstriction persists. It is concluded from this study that the sustained low skin oxygen tension in the upright position even during exercise is responsible for leg ulcer formation associated with venous insufficiency. Normal legs are protected by a rise in skin oxygenation during exercise.
Introduction
Although it has long been appreciated that leg ulceration is associated with disorders of the leg veins (Adams 1849) , the pathophysiological mechanism linking the two has remained uncertain. Early concepts suggested that stagnation of blood in the affected lower limbs led to anoxia and ulceration of the overlying skin (Homans 1917) . Subsequent studies have shown that blood flow in affected limbs is greater than that of normal limbs (Piulachs & VidalBarraquer 1953) and that oxygen tension in the femoral vein is also increased (Blalock 1929 , Holling et al. 1938 , Fontaine 1957 . The existence of abnormal arteriovenous communications was put forward to explain this paradox (Pratt 1949 , Brewer 1950 . Recently it has been suggested that pericapillary fibrin is deposited as the result of venous hypertension and that it may block the diffusion of oxygen to the overlying epidermis, leading to cellular death and venous ulceration . To test this hypothesis we have measured skin oxygen tension in patients with venous ulcers, using a transcutaneous polarographic oxygen electrode which had previously been introduced for the detection of skin blood flow changes induced by ethanol (Tan et al. 1982) and vasodilators .
Methods
Eleven patients with bilateral and one patient with unilateral venous insufficiency were studied. All had an active or a past history of a venous ulcer with stasis pigmentation, scaling and induration of the skin. The legs of 13 normal controls were also investigated.
The skin oxygen tension was measured using a polarographic electrode system thermostatically controlled at 37°C (Hellige Oxymonitor). The was plantar and dorsiflexed at a rate of 80 times per minute for 2 minutes. The Po2 was recorded at the end of the standing and exercise periods. The subject returned to the standing position for 5 minutes and finally to the recumbent position. The oxygen tension was recorded for a second time in the recumbent position when it had reached a stable value after 10-20 minutes. The oxygen tension was recorded 5 times: twice in the standing position, once immediately at the end of the period of exercise and twice in the recumbent position. The venous insufficiency in only one leg of subject 1 allowed comparative measurements between the affected and normal legs in the same individual.
Results
Transcutaneous Po2 levels of the legs of patients and control subjects are shown in Table 1 . Transcutaneous Po2 values on the lower leg in the recumbent position were higher in patients with ulcers than in the control group (P < 0.02, Mann-Whitney U test). There was a significant rise on exercise (P < 0.002, Mann-Whitney U test) in controls but no significant change in the patients. Subject 1 had unilateral venous insufficiency and ulceration and the recordings from the two legs are shown superimposed in Figure 1 . Whilst the Po2 on both legs fell on standing, exercise produced a six-fold rise in Po2 of the normal limb and only a very slight rise in the limb affected by venous insufficiency.
Discussion
It has recently been suggested that pericapillary fibrin deposited as a result of persistent venous hypertension is a key factor in producing venous ulceration by blocking the diffusion of oxygen to the overlying epidermis The striking difference between patients and controls was in the effect of exercise on the skin Po2 of the lower leg. Whereas only 2 out of 12 limbs affected by venous ulceration showed a rise in skin Po2 on exercise, 12 of 13 control limbs showed an increase and in 5 of the control limbs the exercise Po2 values exceeded the recumbent Po2.
The changes in skin oxygen tension reflect alterations in blood flow. The factors which determine transcutaneous oxygen tension are tissue respiration, permeability of the skin and blood flow. In any individual, skin respiration is constant and independent of oxygen tension, except when tissue Po2 falls below 2 mmHg (Jobsis 1964) . The permeability coefficient also remains unchanged during the period of the test. Thus changes of skin oxygen tension reflect alterations in blood flow. This principle has been widely used to measure cardiac output and it has been established that the blood flow is inversely proportional to the difference in oxygen concentration between arterial and venous blood. Using Po2 measurements obtained by the polarographic electrode system, the clearance principle is complicated by the fact that the differences in concentrations are related to the measured Po2 by the oxyhaemoglobin dissociation curve.
Existing transcutaneous oxygen electrode systems were developed to measure arterial oxygen tension, principally in premature infants. In order to ensure that skin Po2 approximately equals arterial Po2, vasodilation is produced by local heating, usually to 44°C. Changes in cutaneous vascular resistance in response to vasodilators or local reflex mechanisms are obscured by heating to 44°C. At 37°C, we have shown that the effect of vasodilators may be demonstrated ) and this paper confirms that changes in blood flow resulting from normal physiological control may also be accurately assessed. Whilst heating the skin to 37°C may also alter skin blood flow, it is necessary to calibrate the electrode at a fixed temperature in order to obtain reproducible results. Our results show that 37°C is a satisfactory electrode temperature for studies of this nature.
The fall in oxygen tension of the skin of the legs on standing, both in normal subjects and in venous insufficiency, is the result of diminished blood flow due to arteriolar constriction. This is the normal reflex response to increased venous pressure produced by standing.
In patients with venous insufficiency, the number of capillaries is increased and this may explain their increased Po2 levels when in the recumbent position. The observation that individuals with venous insufficiency do not show the increased skin oxygen tension following exercise which occurs in controls is likely to be explained by their diminished fall in venous pressure in response to exercise. This diminished fall in venous response to exercise has been documented (Burnand et al. 1981 . Our observation that exercise increases the blood flow in the skin of legs of control subjects in the standing position is supported by measurements of subcutaneous blood flow using a 133Xenon washout technique (Henriksen & Sejrsen 1977) . Preliminary observations in that study on 2 individuals with venous insufficiency showed a diminished rise in subcutaneous blood flow after exercise.
It was noted previously that the oxygen tension of venous blood was raised in the legs of subjects with venous insufficiency (Blalock 1929 , Holling et al. 1938 , Fontaine 1957 , and this was postulated to be due to arteriovenous shunts (Pratt 1949 , Brewer 1950 ) which led to diminished tissue perfusion. However, in spite of searches, no shunts could be shown (Lindemayr et al. 1972 , Hehne et al. 1974 . Furthermore, our observations of increased oxygen tension in the recumbent position in these patients obviate the need to invoke the existence of arteriovenous shunting.
Our finding that skin oxygen tension in the legs of patients with venous ulcers is raised in the recumbent position offers a rational explanation for the beneficial effects of bed rest in the management of patients with venous leg ulcers. The long-established belief that exercise is of value for these patients is probably incorrect, since exercise failed to produce the increase in skin oxgyen tension found in normal subjects.
